Objective -The aim of this paper is to describe the health related quality of life (HRQoL) in an unselected hospital-based cohort of patients with Cystic fibrosis (CF), and to explore the association between HRQoL and psychological status. Study design -115 patients with CF (47 children, 26 adolescents and 42 adults) attending the Bambino Gesù Pediatric Hospital in Rome, Italy, were recruited. HRQoL was measured through the Cystic Fibrosis Questionnaire (CFQ), child and adult versions. The Youth Self Report Form and the General Health Questionnaire were used to screen for psychological distress in patients aged below and above 18 respectively. Multivariable logistic regression analysis was performed to explore the relationship between CFQ scores and psychological distress, adjusting for socio-demographic and clinical variables. Results -HRQoL was high, except for Social Limitations, Energy/Wellbeing and Treatment Constraints. Twenty-eight patients (24.4%) scored positive for psychological distress. HRQoL scores below median for Symptoms, Body Image and Social Limitations, and unemployment were significantly associated with the presence of psychological distress, while age, screening-based diagnosis, gender and medical factors were not. Conclusions -Screening for psychological distress should be part of routine management of patients with CF. Opportunities for age-appropriate socialization, work and leisure time should be allowed and encouraged.
Introduction
Cystic fibrosis (CF) is a recessively inherited genetic disease, characterized by a range of clinical manifestations, including chronic airway infection (1) . The disease progresses through childhood into young adulthood, with death usually occurring as a result of chronic pulmonary disease. Better patient management and medical care have greatly improved life expectancy over the last few decades (1) , but the burden of treatment remains significant. As a consequence, the focus of the attention of clinicians and researchers has moved from mere survival to the assessment of patients' wellbeing and psychosocial conditions. Health-related quality of life (HRQoL), defined as the patients' "subjective evaluation of the influences of their current health status on the ability to achieve and maintain a level of overall functioning" (2) is increasingly used as an outcome measure in follow-up studies and after lung transplantation, as the end-point of interest in randomized controlled trials, and an
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indicator of appropriate management by CF centres.
So far, most studies of HRQoL in patients with CF have considered adults (3, 4, 5) or adults and adolescents6 separately from children (7) . Disease severity showed an impact on HRQoL, together with gender in adults and adolescents (females had poorer HRQoL (6) . Children were surveyed to assess the effect of newborn screening, which was not found associated with different HRQoL (7) . More recently an investigation in Hungarian patients from paediatric age to young adulthood has been published, revealing hospitalisation, infection from Pseudomonas and malnutrition as significant, negative predictors of a low HRQoL (8) . We hypothesized that patients in different stages of their life have different forms of adaptation to CF, and psychological distress, amenable to useful interventions, can be associated with HRQoL.
The aim of this paper, using a non-selected hospital-based series of patients with CF, was to explore the HRQoL across a broader lifespan, ranging from childhood to adulthood, and to assess psychological distress and its relationship with HRQoL.
Methods

Participants
The study was carried out in 2005 at the CF Unit of the Bambino Gesù Children's Hospital, a tertiary referral hospital in Rome, Italy. We considered all patients with documented CF (positive sweat test, followed by genetic testing) regularly attending the Unit. Additional inclusion criteria were age 7 years or more and the ability to read Italian. Patients were consecutively enrolled and asked to complete the study questionnaires during a routine hospital visit or admission, not associated with exacerbation or acute illness. Written informed consent was obtained from the patients, or from the parents if the patient was less than 18 years old. Prior to data collection, ethical and scientific approval was granted by the hospital board for clinical research. Out of 121 eligible patients, 118 agreed to participate (response rate 97.5%). Three patients (1 child, 1 adolescent and 1 adult) were excluded because of missing values in the psychological distress questionnaires. Thus, the analyses for this paper were carried out on 115 patients.
Instruments and data collection
A structured form was used to record information on the patients' age, gender, and socio-demographic information. Data abstracted from clinical records included age and type of CF diagnosis (i.e. neonatal screening or based on clinical signs and symptoms); the number of exacerbations of respiratory symptoms during the previous year (defined according to Fuchs (9) as treatment with parenteral antibiotics for any 4 of a list of 12 symptoms); and the condition at the time of the study (height and weight, presence of chronic respiratory infection, and of comorbidities, such as impaired glucose intolerance, diabetes and liver problems). The most recent (i.e. within one month before the interview) results of the pulmonary function test (percentage of predicted Forced Expiratory Volume at one second, or FEV1%) and chest Xray scores were recorded. Standardized selfcompleted questionnaires mentioned below were used for the assessment of quality of life and psychological conditions. The Cystic Fibrosis Questionnaire (CFQ) is a validated disease-specific instrument for measuring HRQoL in patients with CF (10, 11) . Different versions are available for children aged 7 to 13 years (CFQ-child), and for adolescents and adults ≥14 (CFQ-teen/adult) (11 For this study, the child and the teen/adult CFQ French versions were translated into Italian and backtranslation into the original language was carried out to assess the validity of the translation. Participants were asked to complete the questionnaires with reference to the two previous weeks, as suggested in the original questionnaires (11) .
Psychological status was assessed using two different instruments, according to the age of the respondent. For the adult patients (18 years or older) we used the 12-item General Health Questionnaire (GHQ-12) (12) . This is a widely used self-completed questionnaire, designed to screen for acute psychological distress and non-psychotic depressive and/or anxiety psychiatric disorders. The scale asks whether the respondent has experienced a given symptom or behaviour recently. An example is: "Have you felt useful?" Each item is rated on a 4 point Likerttype scale (from less than usual to much more than usual). The reliability and validity of the Italian version have already been documented (13) .
The Youth Self Report Form (YSR) was used for children and adolescents (14) . This is a self-completed questionnaire developed to measure emotional and behavioural problems in patients up to 18 years of age. It includes 112 items describing a wide range of emotional and behavioural problems experienced over the past six months, to be answered on a three point scale from 0 ("not true") to 2 ("very true" or "very often true"). Measurements consistent with the diagnostic categories of the American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders (Affective, Anxiety, Somatic, Attention/Hyperactivity, Oppositional and Conduct problems) are derived from the scores (14) . For this paper the Somatic oriented scale was excluded from the analysis (15) to avoid auto-correlation with the domain of Symptoms of CFQ questionnaire.
Data analysis
CFQ scores were standardized to a 0-100 points scale (T values), to allow comparability of scores across the different domains (12) . Standardised T values ranging from 0 to 100 (mean 50, standard deviation 10). Missing values (<20% in each domain) were replaced by the patient's mean value on the other items of the same domain. Gastrointestinal and respiratory symptoms were considered together for this analysis. The GHQ-12 was scored using the binary method (0-1) (14) . To receive a score of 1 for a given item a respondent should answer that he or she experienced a specific problem (e.g. difficulty concentrating) "more than usual" or "much more than usual". Thus, the resulting total score is bound to vary between 0 and 12. Patients scoring 4 or more are operationally defined as "cases", i.e. they score positive for acute depressive and/or anxiety disorder. For YSR, the 93th centile of the normative population was used to separate normal from borderline and pathological scores (14) . In other words, "cases" were those who tested positive (above the aforementioned cut-off scores) as patients at risk for psychological distress, to be fully evaluated, while "non-cases" were patients who could be discarded from further evaluation. We computed combined scores to allow comparison across the different patient age groups. For the combined CFQ scores, only domains common to both the child and teen/adult versions of the instrument were used. A combined psychological distress category included as "cases" patients with GHQ-12 scores ≥4 for adults, and those scoring equal or above the 93th centile of the normative population in at least one YSR-DSM oriented scale for children and adolescents (Somatic scale excluded).
Ethics statement
The study was approved by the Institutional Research Board. The adult patients signed an informed consent, while for patients <18 years-old the consent was signed by a parent (the study was always discussed with the patient if his/her age was >14 years.)
Statistical analyses
Data are presented as proportions or medians and interquartile ranges (IRQ) for categorical and continuous variables respectively. Differences between proportions were tested with the Chi-squared or the Fisher exact test, as appropriate. The non-parametric WilcoxonMann-Whitney test and the Kruskal-Wallis analysis of variance were used in the case of continuous variables. A multivariable logistic regression model was used to assess the relationship between quality of life scores and psychological distress (i.e. being a "case"), adjusted for socio-demographic and medical factors. Quality of life levels were categorized as CFQ specific domain scores either below or above the median. The Emotional Status items were excluded for this analysis. Additional variables considered for inclusion in the model were: the patient's sex and age; parental education (below or above 8 years of school); and the patient's occupational status, defined as being a student, employed, or unemployed. The following medical factors were considered: FEV1%; presence of chronic airway infection; colonization by Pseudomonas aeruginosa; number of exacerbations over the previous 12 months; BMI; and short stature, defined as height below the 10 th centile of the Italian growth charts (16) . Age at CF diagnosis and type of diagnosis (i.e. based on signs and symptoms versus screening) were also taken into account as possible predictors. The final model retained all the variables significantly associated with the presence of psychological distress at a p<0.10 level, plus the patient's age and sex. To be at risk means the occurrence of the outcome more often in patients exposed to the variable than in those not exposed, while patients said to be protected refers to the opposite, i.e. the patients with a variable incur it less frequently than those without. Statistical analysis was carried out using the STATA package, 
Results
Patient characteristics
The study population included 47 children aged 7-13 years old (40.9%), 26 adolescents between 14 and 17 years (22.6%), and 42 young adults 18 year or more (36.5%). Fiftyseven (49.6%) were males ( Table 1) .
Most of them were students (72.2%, ranging from 100% in children to 38.1% in adults). Among the adults out of school, 11 (42.3%) were unemployed.
The median patient age at diagnosis decreased from 5 years among the adults to less that 1 year in children, documenting a significant advancement with year of birth (p<0.001). Only about 15% of patients (23.4% of children, 4.8% of adults, p=0.041) were diagnosed by screening.
At the time of the study, the overall median value of FEV1% was 84 (IQR 70-97); 62.6% of patients had chronic airways infection, and 50.4% Pseudomonas aeruginosa colonization; in 37.4% comorbidities were present (osteoporosis in 15, liver disease in 12, diabetes in 12 and 5 gastro-oesophageal reflux). All these clinical characteristics significantly worsened with increasing patient age (p<0.05). Table 2 shows the results of quality of life measurement (CFQ scores) and the proportion of patients scoring positive for psychological distress by age group. The overall median values of CFQ were ≥80 in all domains, except Social Limitations, Energy/Wellbeing, and Treatment Burden. Median scores for Social Limitations and Eating Disturbances were significantly lower in children than in older patients, while the opposite was true for Energy/Wellbeing. Almost one fourth of patients (28%, or 24.4%) scored positive for psychological distress (i.e. they were defined as "cases"), and the proportion increased with age, although not significantly (Table 2 ). Compared to "non-cases", "cases" had significantly lower HRQoL scores in most domains, except Social Limitations, Treatment Burden and Eating Disturbances (Fig. 1) . The results of the multivariable analysis exploring the relationship between HRQoL measurements (scores below or above the median subscale value) and the presence of psychological distress are shown in Table 4 .
Only factors significantly associated with the outcome of interest at the level of p<0.10, plus age and sex, were retained in the final model. A HRQoL score below the median in Social Limitations, Body Image and Symptoms was associated with a four-fold to six-fold statistically significant increase in the likelihood of being screened positive for psychological distress testing. Being unemployed was the strongest risk factor, with an odds ratio as high as 8.31 (p=0.02) after adjustment for patient age and other covariates. The protective effect of a screening-based CF diagnosis found in univariate analysis was confirmed (OR 0.12; 95% CI 0.01-1.09), although the statistical significance was marginal (p=0.06). Neither gender nor clinical variables showed any effect. When we restricted the analysis, only taking into consideration the children aged 11-13 years, at whom the CBCL-YSR is aimed, the total sample was reduced to 94 patients, 26 aged 11-13 years; no major difference was observed in this sub-analysis, where no difference was found in the domain of Energy/ wellbeing and no difference was observed across the age groups of the domain Eating Disturbances.
The proportion of psychological distress was not significantly higher in patients diagnosed by signs and symptoms (31.3%) than by screening (7.1%) (p=0.10). The protective effect of screening-based CF diagnosis found in univariate analysis was confirmed, but no statistical significance could be shown (OR 0.09; 95% CI 0.01-0.90, (p=0.04), while Social Limitation, low Body image and Symptoms were confirmed as significant risk factors for psychological distress.
Discussion
This study shows that HRQoL, as reported by an unselected hospital-based cohort of patients with CF, was generally high, except for Social Limitations, Energy/Wellbeing and Treatment Burden. However, almost one quarter of the patients scored positive for psychological distress, and the prevalence increased from children (17%) to adolescents (27%) and adults (31%), although not significantly. Compared to their peers, negative for psychological distress, these patients reported lower levels of HRQoL in most domains and, after adjustment for possible confounders, the differences were statistically significant for Social Limitations, Body Image, and presence of Symptoms. Moreover, we found a strong, statistically significant association between unemployment and presence of psychological distress, independently from demographic, medical and quality of life factors. No effect of gender and clinical variables on psychological distress was found, including a diagnosis based on screening.
The high HRQoL scores reported by CF patients are a common finding in many studies (17) . We found that the differences in CFQ domain scores were influenced by age. Older patients reported lower median scores in Energy/Wellbeing and Treatment Burden, as a likely effect of the progressive nature of the disease. Treatment constraints were also reported as burdensome by children, reflecting the daily multi-component regimen necessary to control symptoms and prevent complications (1). Compared to their older peers, children's scores were lower for Eating Disturbances and especially perceived Social Limitations. Fear of infection and overprotection by parents may contribute to an explanation of the latter finding (18) . Children are less likely than older patients to have bacterial lung colonization, and are therefore more subjected to restriction of social contact and hospital segregation policies aimed at preventing infections (19) . However, in our study patients with lower Social Limitations scores were over four times more likely to show psychological distress, even after adjustment for potential confounders. Although we cannot exclude the fact that social problems were the consequence rather than the predictor of psychological distress, the lowest social functioning scores, found in children compared to adolescents, seem to suggest a causative role. Additional HRQoL measurements, associated with increased likelihood of psychological distress in multivariable analysis, were unsatisfactory Body Image and Symptoms. In contrast, neither the patients' age and sex, nor medical factors, such as FEV1%, chronic lung infection and Pseudomonas colonization, appeared to exert any effect, indicating that individual subjective perceptions may be stronger predictors of psychological distress than actual disease severity. Similar findings were reported by DiGirolamo and Quittner et al. (20) in a sample of 45 adolescents with CF, where no association between disease severity, age or sex, and reported distress was found.
Several studies have described psychological problems in patients with CF21 but only three, to our knowledge, have explored the relationship with HRQoL (4, 5, 22) . Szyndler et al. (22) found that Australian adolescents with CF exhibited psychopathology levels lower than their non-diseased peers (12.5%); however, increased psychopathology was associated with lower ratings on several quality of life scores. Riekert et al. (4) found a 30% prevalence of depressive symptoms among adult patients, a figure similar to ours; in all HRQoL domains, patients with both depressive symptoms and poor lung function reported significantly worse scores than those without depressive symptoms, regardless of lung function status. According to Quittner et al. (15) these results support the idea that depression magnifies the effect of chronic illnesses, such as CF and others. Finally Havermans et al. (5) described in a sample of 57 adults with CF the relationship between depressive symptoms and lower scores for Body Image, Emotions, and Eating Disturbances, and between anxiety and several HRQoL domains, including Social Limitations and Respiratory Symptoms. Similarly to the study by Riekert et al. (4) , no adjustment other than for FEV1% was performed.
In this study, we found a strong, statistically significant association between unemployment and the presence of psychological distress, independently from demographic, medical and HRQoL factors. Similar results were reported by Burker et al. (23) , who found that FEV1% did not discriminate between patients who were or were not working, and that workers had lower depression scores. They concluded that either the increased socialization and support linked to a working environment, better income, or distraction from the symptoms of CF may contribute to explain these findings. More recently, Havermans et al. (24) found that adult patients who were neither working nor studying had greater disease severity; nevertheless, working or studying patients reported higher HRQoL scores in Role, Physical functioning and Social Limitations, even after controlling for clinical variables.
We found no effect of screening-based CF diagnosis on psychological distress. The association was not significant in multivariable analysis (p=0.06), possibly because of the small number of screening diagnoses in our population. In Lazio, neonatal CF screening has only been systematically offered since 1993. Thus, our findings pertain mainly to children, and we do not know whether the protective effect will be maintained with growth.
Newborn screening for cystic fibrosis (NBS) is, despite some evidence of its benefits, (25, 26) still controversial (27) . Anxiety linked to inconclusive or false-positive test results, risk of premature bacterial colonization, due to earlier exposure to the medical environment, and the hazards of carrier detection in a multiethnic society, are a matter of debate (28) . The actual benefits of NBS appear less clear-cut than for other types of neonatal screening programs (26, 28) . The Wisconsin randomized clinical trial showed nutritional benefits, but no long-term effects on pulmonary prognosis (26) . Koscik and colleagues (29) reported a link between NBS diagnosis and improved cognitive outcomes, but failed to demonstrate any benefit for HRQoL (7) . On the other hand, delayed diagnosis in the face of clinical symptoms is in itself a major source of anxiety for parents, leading to lack of trust in the medical profession and to "doctor shopping" (30) . Most parents appear to be supportive of NBS, in the belief that early detection and intervention will improve the health of their children and reduce the stress of a delayed diagnosis (30, 31) . This positive parental attitude might affect patients' beliefs and the likelihood of developing psychological distress, as suggested by Szyndler et al. (22) who attributed the low levels of psychopathology found in adolescents to the large screening uptake in Australia. Early psycho-social care in a dedicated structure can also be an explanation.
Limitation of study
This study has limitations. The hospital based group of 115 patients may not be representative of the national or regional population of patients with CF. Although we used standardized validated questionnaires to measure HRQoL and psychological distress, limitations inherent in patient self-report assessment and the choice of cut-off points should be considered. Different instruments were used to measure psychological distress in children and adolescents on the one hand, and adults on the other, and, most noticeably, "cases" were distinguished from "non-cases" using a combination of two different constructs, which can bias the comparison. Further, we did not perform a preliminary crosscultural validation, and no clinical diagnosis of mental illness was available. As previously pointed out, a cross-sectional study cannot identify with certainty the direction of the detected associations, and we cannot state with certainty that lower HRQoL scores and unemployment are the causes, rather than the consequence, of psychological distress. Longitudinal prospective studies are needed to measure the incidence of psychological distress and its time of occurrence. However, we were able to compare the levels of HRQL and psychological distress in a population of children, adolescents and adults, and the high response rate is reassuring in terms of internal validity.
Practical implications
The findings of this study have implications for the practical management of patients with cystic fibrosis, and for screening policies. Our population is characterized by stable clinical conditions and FEV1% values higher than those commonly reported in the literature. HRQoL scores are consistently high. However, the very low Social Limitations scores found in children are a matter of concern, particularly for the association with psychological distress. Ways should be found to balance protection from infection with the need to preserve opportunities for social contacts and leisure time, avoid isolation and support healthy psychosocial development. HRQoL and psychological problems should play a definite role in assessing the efficacy of any new development of therapy, to introduce its relevant issues in more patient-centred care.
Conclusions
Systematic screening for psychological distress is useful to identify individuals who may benefit from professional assessment and treatment, and should become part of the routine management of CF patients (32) . The use of validated screening questionnaires, such as GHQ-12, and YSR, may facilitate recognition of psychological problems in a non-psychiatric setting. The protective effect of neonatal screening on psychological distress was an unexpected finding, and further studies are needed to confirm it and explore the underlying mechanism. Should the finding be confirmed, however, the case in favour of neonatal CF screening would be stronger.
